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ISOLATION, PURIFICATION AND CHARACTERIZATION OF POTENTIAL 

BIOACTIVE PEPTDES FROM STIMULATED FROG SKIN SECRETIONS 


Introduction: Amphibians secrete a complex chemical cocktail from highly specialized skin 
structures, as a result of contraction of mycocytes surrounding the glands namely the venom 
or granular glands as a defense mechanism from predators (Simmaco et al„ 1998). These 
secretions contain biologically active components including alkaloids, biogenic amines, 
peptides and proteins (Lazarus & Atilla, 1993). Most of these peptides share common 
properties, such as an overall cationic character and the tendency to adopt a helical 
conformation often resulting in amphipathic behaviour. These properties are believed to play 
important roles in the interaction of the peptides with the membrane of target cells and in the 
mechanism that eventually causes cell lysis (Hancock et al., 1995, Hancock & Lehrer, 1998). 
Despite efforts directed towards the structural and functional analysis of frog skin peptides 
for several decades, the vast majority of species remain unknown. In this study an attempt has 
been made to screen the bioactive peptides from Uperedon globulosus, a species from Orissa. 

Materials and Methods 

Frog species selected for the study. 

Uperodon globulosus (North Orissa University, Orissa) 

U. systoma (””) 

Duttaphrvnus melanostictus (“") 

D. himalayanaum (Wild life Institute of India, Dehradun) 





Outline of the work 


Collection of skin secretion by giving mild electricol stimulation (9 V for 5 sec) 

(Taylor et a!., 1992) 


t 


Purification by reverse phase HPLC 


I 


Identification of Moss of each fraction by MAIDI-TOF-MS, ESI-MS 




Antimicrobial Activity Studies by the standard agar well diffusion assay 
(Perez et a!., 1990) 


i 


Mass Spectrometric Sequencing of the promising peptides 

i 

Chemical synthesis 

I 

Further activity studies 


Collection of frog skin secretions: 


The skin secretions of Uperodon globulosus were collected by giving mild electrical 
stimulation of 9 V for 5 seconds following Taylor et al„ (1992). The identification was 
confirmed by Prof. Sushil Dutta, Head of the Department of Zoology, North Orissa 
University. The frogs were released into their natural habitat after the collection of skin 
secretion. 

Isolation and purification of peptides: 

The lyophilized skin secretion was dissolved in 1 ml of acetonitrile: water (50 % v/v) and 
purified on a HP 1100 series HPLC system, using a C| 8 reverse phase column (Jupiter, 
Phenomenex. 10 x 250 mm. 10 p particle size. 300 A pore size). Water and acetonitrile 
containing 0.1 % trifluoroacetic acid (TFA) were used as the mobile phase and a flow rate of 
1 ml/m in was maintained. The concentration of acetonitrile was increased from 10 % to 95 % 
over 45 min. at a flow rate of 1 ml/min. Eluants were monitored by UV absorbance at 226 
nm. Fractions were manually collected and lyophilized. 

Reduction and alkylation: 

The crude secretion was dissolved in 30 pi, 0.1 M NH4HCO3 buffer, pH 8.0. For the 
reduction. 200 mM stock dithiothreitol (DTT) was added to a final concentration of 8 mM 
and incubated at 37°C for 1.5 h. To the solution, appropriate iodoacetamide stock solution 
was added to get a final concentration of 40 mM and the mixture was incubated at room 
temperature (28±2°C) in the dark, for 45 min (Sudarslal et a !., 2003). The reaction mixture 
was analyzed by MALD1-TOF-MS. 

Esterification: Methanolic HC1 was prepared by dropwise addition of 20 pi acetyl chloride 
to 100 pi of ice cold, anhydrous methanol. Four pi of peptide was added to 16 pi of 
methanolic HC1. The esterification was allowed to proceed at 25°C. The reaction mixture was 
analyzed by MALD1-MS. 

Acetylation: To 5 pi of peptide. 2 pi of 0.5 M NH 4 HCO 3 pH 8.0, and 2 pi acetic anhydride 
were added and the volume was made up to 20 pi with distilled water. After incubating the 
reaction mixture for 1 h at 25°C, the product was analyzed in MALDI-MS. 


Mass spectrometry-: 


MALDI-TOF-MS analyses were performed using an Ultra flex TOF/TOF mass spectrometer 
(Bruker Daltonics. Bremen. Germany) in reflectron (positive ion) mode equipped with a 
nitrogen laser of wavelength 337 nm. The samples were prepared by mixing an equal amount 
of peptide (0.5 pi) with a matrix solution (a-cyano-4-hydroxy cinnamic acid) in 1:1 (v/v) 
acetonitrile-water mixture. MS-MS Spectra were acquired and fragments were generated in 
post-source decay mode (PSD). Mass spectra were analyzed using Flex-Analysis software 
(Bruker Daltonics). 

Electrospray ionization (ESI) mass spectra were recorded using a Hewlett Packard single 
quadrupole mass spectrometer (HP 1100 MSD series). The samples were infused into the 
mass spectrometer through a reverse phase Ci* column (Zorbax, 4.6x 150 mm) with solvent A 
(Water with 0.1 % TFA) and solvent B (acetonitrile with 0.1% TFA) at a flow rate of 0.25 
ml/min. The data were acquired over the range mtz 50-3000 in positive ion mode and were 
analyzed using HPLC/MSD Chemstation software. 

Antibacterial Assay: 

The test organisms included the Gram-positive bacteria Bacillus cereus (NC1M 2217), 
Staphylococcus aureus (NC1M 2079) and Gram-negative bacteria Klebsiella pneumoniae 
(NC1M 5082). Escherichia coli (NCIM 2574), Salmonella typhimurium (NC1M 2501). All 
the bacterial strains were obtained from National Chemical Laboratory (NCL), Pune, India. 
The bacteria were grown in the nutrient broth at 37°C and maintained on nutrient agar slants 
at 4°C. 1.4 mg of crude lyophilized skin secretion and 1.2 mg of HPLC fraction was 
resuspended in 50 pi of sterile deionized water. The aqueous extract was screened for 
potential antibacterial activity by the standard agar well diffusion assay (Perez et al ., 1990). 

For all the bacterial strains, overnight cultures grown in nutrient broth and 200 pi of bacterial 
cultures with OD 1.000 was spread plated onto Nutrient agar media. After that wells were 
made on the agar media using a sterile well puncher. Sterile deionized water was taken as 
negative control and Ampicillin with concentration of 1 mg/ml was used as positive control. 
The plates were allowed to dry for 3-5 minutes after which 10 pi of the test samples and the 
controls were dispensed into each well, following an incubation period ol 24 h at si C. 
antibacterial activity was evaluated by quantifying zones of inhibition of bacterial growth. 
The experiment was done on triplicate. 


Results 


The MALDI-TOF-MS spectrum of crude amphibian skin secretion is shown in Fig.l. Several 
distinct masses in the range m/z 1100 to m/z 1700 are observed. The most intense peptide ion 
corresponds to a mass 1297.5 [(M+H) = 1296.6 Da]. 



Fig. 1. MALDI-TOF-MS of crude secretion from Uperodon globulosus 


Eight fractions were collected after HPLC (Fig.l) and each peaks were analysed by MALDI- 
TOF-MS. Peak 1 with retention time of 16.16 contains peptides with mass of 1116 Da. 
1318.8 Da. 1449.1 Da, 1575.8 Da, 1668.8 Da, 1775.9 Da, 1797.8 Da. 2247 Da. 2503.9 Da. 
2633 Da. Peak 2 (retention time 16.74) corresponds to two peptides 1054.5 Da. 1659.8 Da. 
Peak 3 (retention time 17.20) has a purest peptide with mass 1227.7 Da. Peptides with mass 
1477 Da and 1165 Da were observed from peak 4 (retention time 17.82) and 1819 Da. 2693.5 
Da were obtained from peak 5 (retention time 18.568). 1166.3 Da, 1314.2 Da, 1330.2 Da. 
1563.6 Da were observed from peak 6 (retention time 19.09) and peak 7 (retention time 
20.38) has again one pure peptide with mass 1297.7 Da were recorded. The last peak with^.- 
retention time 21.86 showed peptides with mass 1166.2 Da and 1564 Da. For further analysis 
we selected the purified peptides with mass 1227.7 Da and 1297.7 Da with retention time 















17.20 and 20.38 respectively (Fig. 2 and Fig. 3). Repurification of the further fractions is in 
progress. 


§ Peak 6 11663 Da. 13143 Da. 



Fig. 1. HPLC profile of the crude secretion from Uperodon globulosus 



Fig. 2. MALDI-TOF-mass spectra of the HPLC fraction with retention time 17.20 
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Fig. 3. MALDI-TOF-mass spectra of the HPLC fraction with retention time 20.38 


In order to determine the number of Cysteine (Cys) residues in the observed peptides, the 
crude secretion was subjected to global reduction and alkylation with DTT and 
iodoacetamide. Carboxamidomethylation leads to an additional mass of 58 Da for each Cys 
residue in general. The MALDI-TOF-MS showed (Fig. 4) no increment in mass in any of the 
peptides that indicated the absence of disulphide bonded peptides. This confirmed the linear 
nature of both these peptides. 
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Fig. 4. MALD1-TOF-MS spectrum of crude secretion before and after reduction and alkylation 


In the same manner, global esterification and acetylation may help in determining the number 
of free carboxylic and amino groups present in the peptides. The increment of number of 
times of 14 Da after esterification to the peptide corresponds to the number of free carboxylic 
groups present. The esterification reaction on crude extract of U. globulosus showed a series 
of addition of 14 Da masses. Three times addition of 14 Da to peptides of m/z 1227 and 1298 
(Fig. 5). suggests the presence of 3 carboxylic groups in the sequence. One of these could be 
a free carboxylic -C terminus end. while the other two might be because of presence of two 
acidic amino acids in the sequence. 










Fig. 5. MALDI-MS of crude extract after esterification reaction. There is addition of 14 Da 
thrice to peptides (M+H) + = 1227 and 1298. suggesting the presence of 3 carboxylic groups in 
the sequence. 




































In an acetylation reaction, the -COCH 3 group gets attached to the free -NH 2 groups present 
on the peptide, replacing one amino hydrogen. Thus increment of multiples of 42 Da 
represents the number of free amino groups present in the peptides. There is an increase of 42 
Da to both the peptides, (M+H) + = 1227 and 1298 (Fig. 6 ), suggesting presence of one free 
amino group on both peptides. This could be due to free -N terminus in the sequence. 



Fig. 6 . MALD1-MS of crude extract of U. globulosus after acetylation with ammonium 
carbonate and acetic anhydride. Peak at m/z 1340 shows the addition of 42 Da once to 
peptide of mass 1298 and 1269 to mass 1227. 


























Acetylation in presence of pyridine can acetylate the hydroxyl groups especially the side 
chains of serine and threonine. The purified (M+H)~ = 1298 showed an extra peak at 1382 Da 
(Fig. 7) after acetylation with pyridine, suggesting the presence of -OH group in the 
sequence. This could be a serine or threonine or hydroxyproline. 



Fig. 7. Comparative MALDI-MS of crude extract of U. globulosus before and after 
acetylation reaction with pyridine. 














Total ion chromatogram obtained from LC-ESI/MS of crude secretion is given in Fig. 8. ESI- 
MS reveals the presence of [M+2H] : * (614.7 Da) and (649.5 Da) species of 1227.6 Da and 
1297.7 Da (Fig. 9 and Fig. 10). 



Fig. 8. Total ion chromatogram obtained from LC-ESI/MS of crude secretion from 
Uperodon glohulosus 



Fig. 9. ESI mass spectra of the peak with m/z 1227.6 
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Fig. 10. ESI mass spectra of the peak with m/z 1297 
























A peak at m/z 649.5, a doubly charged peak of peptide (M+H)~ = 1298, was chosen for 
fragmentation (Fig. 11) by collision indused dissociation (C1D) method. 
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Fig. 11. CID-MS/MS of doubly charged ion of peptide with m/z 1298 Da i.e. [M+2H] - 
= 649.5 Da. Most of the peaks have been annotated as b, y and a ions. 

The probable sequence assignment of the peptide is shown in Fig. 12. 


b ions 



b 2 

227 

355 

b 4 

442 

b 5 

571 

b. 

668 

b 7 

824 

b„ 

923 

b» 

102 : 

bio 

Z 1208 


E 

P 

Q 

s 

E 

P 

R 

V 

V 

w 

A 













1168 1071 943 856 727 630 375 276 

y«, y* y* v? y« ys y s y * y ions 


Fig. 12. The sequence of peptide 1298 showing the b and y ions present in the CID-MS/MS 
spectrum. 



















































Antibacterial Assay: 


Good inhibition zone was observed against E. coli and K. pneumoniae but no activity was 
there against B. Cereus , S. aureus and S. typhimurium. The result is presented in table 1. 

Table I. Antimicrobial activity of the crude secretion and the HPLC fraction with mass 1297 


Strains 

In 

tibition Zone (mm) 

Crude secretion 

HPLC fraction with mass 1297.7 

E. coli 

13 

10 

K. pneumoniae 

12 

9 

B. cereus 

— 

— 

S. typhimurium 

- 

- 

S. aureus 

- 

- 


Work plan for third year: 

• Sequencing of 1227 Da from Uperodon globulosus. 

• Sequencing of peptides from the frog skin secretions of U. systoma, Duttaphrynus 
melanostictus and D. Himalayanum. 

• Activity studies with the peptides. 
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